Mining has been characterized by most researchers as one of the most hazardous occupations amongst major industrial activities 1−3) . Despite regulations, automation and increased attention towards reducing risks through safety campaigns, the mining industry is still associated with higher rates of injuries compared with other industries 4−6) . Mine workers must deal with a number of subtly harmful risks to safety and health, such as a high concentration of mechanical equipment in a confined space. As a result, mine workers are often exposed to a high risk of WMSIs 7, 8) . Occupational risk in underground mining is much higher than in surface mining 6, 9) .Underground mining involves drilling, charging and blasting to access and recover ore 1) and mine workers are required to perform labor-intensive tasks that can often not be avoided due to limited work space 3) . Since the establishment of Zambia as a nation, copper has been the single largest contributor to the Zambian economy 10) . At independence in 1964, copper accounted for 91% of the total export earnings 11) . This commodity still remains critically important for the Zambian economy 12) . An area of great concern in considering increased copper production and utilization is the health and safety of workers who mine or process the product. According to the Zambia Congress of Trade unions (ZCTU), most employers in Zambia do not pay attention to the health and safety of their employees, as they consider this to be costly 13) . The excesses in WMSIs associated with copper mining in Zambia, indicate the need for more comprehensive surveillance of copper mines. Given the rising number of work-related accidents, there is an urgent need for the development and
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To date, no studies have reported on the prevalence of and ergonomic risk factors associated with WMSIs amongst mine workers in Zambia. Therefore, a description and understanding of the effects of exposure profiles in underground mines based on the results of epidemiological investigations is required 14) .
The purpose of the current study was to determine the prevalence of and ergonomic risk factors associated with WMSIs amongst underground mine workers in Zambia.
Materials and Methods

Study subjects
The study was conducted on underground mine workers from four underground shafts at Mopani mines in Kitwe, Zambia. The total number of workers was 1,896. The data was retrospectively collected over a period of one year. A cross-sectional quantitative study design was used. To ensure proportional representation of the population, a stratified random sampling technique according to job types was used to realize the sample of this study. In the first stage, mine workers were grouped into seven (7) strata according to job types, namely, mechanics, electricians, diesel loader drivers, miners, supervisory, locomotive drivers and others. The others category constituted "minor" occupations with few workers like callout clerks, Bobcat drivers, draughtsman, pump chamber operators and surge bin operators. The sample was then drawn proportionally within each stratum using random number tables. An estimated sample size of 500 mine workers was computed with the margin of error of 0.05 using the approach outlined by Bartlett, Kotrlik and Higgins 15) . If a selected mine worker decided not to participate in the study or was reported absent, we passed on to the next candidate until we had the required number of participants in each stratum. This technique ensured an optimal chance of drawing a sample that would be representative of the population from which it was drawn.
The participants were given instructions by the researcher and research assistants on how to complete the questionnaires.
Questionnaire
Various questionnaires were used to compile the questionnaire for this study, namely, the Standardized Nordic questionnaire 16) , Modified version of the Washington state risk factor checklist 6) and the upper limb Core QX checklist 17) . These questionnaires were used in guiding the design. The questionnaire was divided into three sections. In the first section, the mine workers were required to provide demographic and other general information. The second part of the questionnaire consisted of an injury profile. This section recorded data on whether the worker had had an injury while on duty during the preceding 12 months. A "yes" response was used to ascertain the prevalence of work-related musculoskeletal injuries. Mine workers were also required to indicate the anatomical location (body parts) of the injury sustained, and more than one response was permitted. The third section of the questionnaire constituted questions on ergonomic risk factors. This section measured the characteristics of the work environment and work practices like machines used, postures adopted at work and total work duration per day.
The questionnaire was designed in English because the English language was the minimum qualification for employment at the mine.
In order to provide estimates of exposures to ergonomic risk factors for underground mine workers, miners participating in this study were asked to report risk factor exposures for their specific job. For many of the risk factors, two conditions were presented, which were the indicators for caution (a lower level of risk) and hazard (a higher level of risk). The operational definitions for the ergonomic risk factors considered in this study are listed in Table 1 below.
Prior to obtaining an overview of the actual situation in which the investigation was conducted, content validation of the questionnaire was done by senior lecturers at the School of Mines and Department of Physiotherapy of the University of Zambia. A pilot study was then undertaken to assess whether the participants easily understood questions asked and how long it would take to complete the questionnaire. This provided feedback regarding the clarity of the questions and the overall presentation of the questionnaire. In order to avoid biased responses, the subjects of the pilot study were automatically excluded from the main study.
The internal consistency of the overall instrument used in this study was assessed with the Cronbach's alpha. The reliability analysis indicated a high estimate of internal consistency (Cronbach's alpha=0.53−0.9). According to conventional rules, any coefficient exceeding 0.70 is regarded as high 18) . Regarding face validity, the participants found the questions short and understandable and the whole form required approximately 20 minutes to complete. The team of lecturers (experts) at the University of Zambia found the content of the questionnaire valid and representative of work-related problems faced by mine workers.
Five hundred (500) questionnaires were distributed to participants in the four mine shafts. One hundred and twenty-five (125) questionnaires were distributed in each shaft. If any participant presented with injury, measures were put in place to ensure appropriate referral to the health practitioners at the mine hospital. Participants were allowed to complete the questionnaires at their own convenience due to the nature of their jobs, as the majority of them worked in shifts. Completed questionnaires where then collected with the aid of shift supervisors.
Data analysis
The data were captured and analyzed using SPSS version 15.0. Descriptive statistics of the data, namely frequencies expressed as percentages, were used to obtain information on the prevalence of WMSIs, body parts injured and number of workers exposed to ergonomic hazards. Inferential statistical analysis was used to determine the associations between ergonomic risk factors and injury. This was done in the form of cross-tabulations. Associations between variables were evaluated by means of the chi-square test. The alpha level was set at 0.05. Data were summarized in terms of percentages and frequencies.
Ethical clearances for the study were secured from the Study Grant Ethics Committee of the University of the Western Cape, Mopani Copper Mines (MCM) management and the Ministry of Mines and Minerals Development (MMMD). Written feedback was obtained from both the MCM management and the MMMD. In addition, written consent was sought from all participants.
Results
Sample response rate
A total of 500 questionnaires were provided to mine workers, out of which 202 were completed. This yielded a 40.4% response rate. Two hundred and ninety-eight (298) were misplaced or not returned. All the participants in this study were male workers, since there were no female underground mine workers.
Demographic characteristics of participants
The mine workers who participated in the study were between 23 and 60 years old (mean=40.31; SD=8.572 years). The experience of the mine workers ranged from 1 to 35 years (mean=13.92 years; and SD=9.743 years). Many mine workers had less than 5 years of work experience (n=82, 40.2%).
Injury prevalence
Eighty-six (42.6%) miners had sustained at least one injury from mining activities during the preceding year. Table 2 below summarizes the injury frequencies in various mine occupations. Among the occupations, those presenting with the highest number of injuries were electricians, who reported 16 (53%) injuries, followed by mechanics, who reported 19 (50%) injuries, while the least number of injuries was noticed among diesel loader drivers, who reported 8 (33%) injuries; no injuries were reported among locomotive drivers.
The most affected body parts among the mine workers were the wrist/hand, lower back and neck. Electricians sustained the highest number of neck, upper back and shoulder injuries. The supervisory category constituting mine captains, section bosses, senior engineers and senior surveyors reported the shoulders and wrists/hands as the most affected body regions. Overall, mechanics reported the highest Pushing and pulling (PP): Work involving pushing or pulling against an object, like a trolley, with a maximum effort eight or more times per day. number of neck and shoulder injuries, while miners had the most frequently reported hand/wrist injuries among all underground mine occupations. The highest number of upper back injuries was observed among electricians, while injuries of the lower back were frequently reported by miners. Loader drivers reported the highest number of ankle/feet injuries.
Forty-eight workers from various mining job categories reported multiple bodily injuries. There was no significant association between body part injured and occupation. Table 3 below shows the body part injury distribution among various underground mining occupations.
Ergonomic risk factors
To provide estimates of exposure with regard to common ergonomic risk factors, mine workers were asked to report their exposure to risk factors for their job.
The respondents reported 691 ergonomic risk factors among the 7 mining occupations surveyed. Using worker task and facility characteristics, as well as the exposure durations, estimates were made of population exposures to eight (8) ergonomic risk factors for each mining occupation. The most common risk factors reported were heavy lifting (123 exposures), followed by awkward postures (100 exposures) and repetitive work (93 exposures), while bouncing and jarring had the least number of exposures (57). Table 4 below shows the percentage of the workforce in each occupation exposed to ergonomic risk factors.
The following activities were significantly associated with back injuries: working with the back bent without support was significantly associated with both upper (p=0.024) and lower back (p=0.020) injuries. Significant associations were also found between wrist/hand injuries and grasping an unsupported object(s) weighing 5 kg or more per hand or grasping with a forceful grip (p=0.049) and grasping objects with the wrist bent (p=0.016). Participants were also asked whether their job involved use of hand tools with high vibration levels. A significant association (p=0.022) was found between wrist injury and use of hand tools such as percussive tools (i.e., jack hammers and chipping hammers), impact wrenches and chain saws.
Discussion
Demographic characteristics
The response rate of 40.4% in this study was low compared with the rates reported in other studies 4, 19, 20) . With such a low response rate, generalization of the findings to other similar mining populations in Zambia may be difficult. The mean age of the mine workers was 40.31 years, with a standard deviation of 8.57 years. This large standard deviation signifies a big deviation in the age of mine workers, which means that the majority of workers were between 32 and 49 years old. Therefore, the age range and moderate standard deviation compared with the mean indicate that the majority of the Zambian mine workers are in the middle age group (35−45 years). Regarding experience, the mine workers had adequate work experience, as the study revealed that the mean work experience duration was 13.92 years. The demographic findings in this study are in line with findings reported in similar studies 3, 12, 19) . Previous studies 3, 19) reported mean ages of 37.34 and 40 years respectively. These authors also reported mean work experience durations of between 14 and 15 years. Regarding gender, all participants in this study were male, as also reported in similar studies 3, 12) .
Identification and description of injury prevalence
The results of this study revealed a lower prevalence (42.6%) of work-related musculoskeletal injuries (WMSIs) amongst mine workers than reported in similar studies 6, 9, 21) . The prevalence found in this study was, however, higher than those reported among South African gold, platinum and coal mine workers 22) . The definition of injury and injury prevalence adopted in this study was different from those used in some of the other studies. In this study, injury was defined as injuries of the musculoskeletal system (i.e., muscles, joints, ligaments, tendons and nerves) according to a study 22) conducted in South Africa, and injury prevalence was calculated from the total of mine workers who had least sustained one or more WMSIs at any time in the past 12 months. These definitions limited the comparability of this study with many similar studies because the other studies defined injury as one, resulting in one or more days lost from work 21, 23) while prevalence was either defined as injury rate per 100,000 mine workers 6, 17) , number of injuries per 1,000 persons 4, 24, 25) or number of injuries per 100 mine workers 21) . The raised issues of injury and injury prevalence definitions could not be ruled out due to the nature of this study. It is evident that there is a need to find a common definition that can be used in research for WMSIs that would facilitate the process of monitoring the prevalence of these injuries and evaluating interventions aimed at improving the situation.
Body parts injured
The results yielded in this study agree with those reported in another study 14) that reported the lower back, neck, shoulders and hands as body regions commonly involved in WMSIs. In the present study, injury was most frequently reported in the lower back as was also found in previous studies 20, 22, 26−28) . The findings of the present study with regard to injuries of the lower back agree with those of similar studies that found that back injuries represented 32−87% of the total injuries incurred by underground mine workers 3, 22, 28) . Furthermore, contrary to some previous studies 22, 26−28) that reported that the knee was the most affected joint after the back, the present study found the wrists/hands (35, 40.7%) to be second most common injury, possibly due to high levels of repetitive bending and twisting of the hands/wrists. The study also found that the ankles/feet were the most affected part of the lower limbs. In addition, the findings indicated that miners presented a higher prevalence of low back injuries than other occupations. This finding is consistent with a study conducted in South Africa 22) , which found the majority of back injuries among miners (rock drill operators and winch operators) at two South African mines. The study also found miners to have the highest prevalence of wrist/hand injuries among all underground mine occupations, most probably due to variations in sample compositions in terms of job types.
Ergonomic risk factors
The literature shows that ergonomic risk factors for musculoskeletal injuries in the mines include highly repetitive motions, forceful exertions, vibration exposures, poor/awkward posture, forceful gripping and jolting/jarring 9, 14, 27) . This is specifically evident in the industrially developing nations where manual labor involved in physically demanding tasks is a dominant factor and where manual handling involving lifting of heavy burdens is inherent within the industry despite industrial mechanization 3) . In the current study, mine workers from different occupations reported risk factors for their job types. The mine workers reported exposures to eight (8) different ergonomic risk factors, namely, heavy lifting, awkward postures, high hand force, highly repetitive work, vibrating tools, bouncing or jarring, static postures and pushing/pulling. The present study found high levels of heavy lifting, awkward postures, forceful gripping, pushing/pulling and highly repetitive work. The least reported exposure was bouncing and jarring. These findings are in part consistent with the findings of a similar study conducted in the United States 29) . However, these authors also reported high levels of bouncing/jarring, which, in the present study, was the least reported. This could be explained by the difference in the job type composition of the samples and variation in the degree of mechanization between the Western and developing countries. Another study 29) reported repetition as the most frequent risk factor exposure, followed by heavy lifting and forceful gripping, whereas exposure to vibration was the least reported. In the present study, heavy lifting was the most frequently reported risk factor followed by awkward posture and repetition. It could be assumed that developed countries have better work policies, and hence preventative programs like ergonomics are well implemented. Regarding the relative low levels of heavy lifting exposures in Western countries, the researchers attribute the difference to better mechanization than in developing countries where many workers still lift heavy loads.
Exposure to ergonomic risk factors appeared to be most prevalent for the following body parts: the back, shoulders, neck and hands/wrists. The study found that the majority (30, 79%) of mechanics reported exposures to heavy lifting. These workers reported lifting unaided an object heavier than 25 kg (55 lbs) more than 10 times per day. However, not only mechanics, but also other mine workers like electricians (21, 70%), miners (21, 64%) and supervisory (20, 49%) reported high exposures though in relatively low frequencies. A Ghanaian author 3) stated that underground engineering involves the lifting of heavy machinery parts. Regarding awkward postures, electricians (26, 87%) and mechanics (25, 66%) reported the highest exposures. These engineering occupations involve lifting, fitting and pushing objects for long durations and thus are likely to be more exposed to awkward postures like working with the neck bent, working with hands above the head, working with the back bent and kneeling, than their counterparts. Mechanics and electricians also reported high exposures to high hand force (22, 58%, and 21, 70%, respectively). In addition, the present study found significant associations between wrist/hand injuries and grasping an unsupported object weighing 5 kg or more per hand or grasping with a forceful grip (p=0.049) and grasping objects with the wrist bent (p=0.016). These findings are consistent with those reported in a similar study 28) . These authors further reported that holding hand tools like impact wrenches results in sore hands. The highest frequencies of repetitive work was, as expected, prevalent amongst loader drivers (19, 79.2%) followed by mechanics (25, 66%) due to the nature of their jobs. When the use of vibrating tools was considered, mechanics reported the highest exposure (25, 66%), while electricians reported (15, 50%) exposures. This could be as a result of the frequent use of tools that typically have high vibration levels like impact wrenches, chain saws and percussive tools like chipping hammers and jack hammers. A significant association (p=0.022) was found between wrist injury and use of hand tools. Miners, supervisors and the others category reported similar exposure frequencies (10, 31%; 10, 24.4% and 10, 32.3%, respectively). The loader and locomotive drivers reported the highest exposures to bouncing/jarring (19, 79 .2% and 3, 60%, respectively) and static postures (15, 62.5% and 3, 60%, respectively). This could result from poor conditions of roads, loaders and locomotives as reported by many mine workers. Regarding exposure to work involving pushing or pulling against an object, like a trolley, with a maximum effort eight or more times per day, mechanics (25, 66%) had the most frequent exposures. As indicated earlier, mechanical work involves handling heavy burdens. In addition, a study conducted in South Africa 22) found bending and twisting at the waist significantly associated with back injuries. The present study also found working with the back bent without support significantly associated with both upper (p=0.024) and lower back (p=0.020) injuries. The findings of the current study are consistent with other studies 20, 22, 29) indicating that the presence of ergonomic risk factors is associated with development of WMSIs.
Conclusions
Work-related musculoskeletal injuries are highly prevalent and require urgent intervention. It is envisaged that the identification of ergonomic risk factors associated with WMSIs in this study will assist in design of effective prevention programs in the Zambian mining sector. It is likely that the largest number of low-back injuries among miners is influenced by workplace designs necessitating frequent bending and twisting and generally the way work is organized. Despite the conflict in the literature, most researchers agree that the epidemiology linking physical ergonomic exposures at work with risk of WMSIs is methodologically adequate to allow primary prevention.
